Objective: To determine the impact of multiple lymphatic channels (MLCs) on outcome in melanoma.
S
ELECTIVE SENTINEL LYMPHADenectomy, as described by Morton et al, 1 is now the standard of care for staging of melanoma 2 and breast cancer [3] [4] [5] and may have applications in other cancers. 6, 7 The sentinel node is routinely identified by injecting blue dye, a radiotracer, or both at the primary tumor site. Lymphoscintigraphy evaluates the uptake of a radiotracer and provides a map of lymphatic channels leading to sentinel nodes prior to selective sentinel lymphadenectomy. It is routinely used in treating melanoma, particularly truncal tumors in which the draining nodal basin may not be predictable or in which there may be multiple draining nodal basins. [8] [9] [10] [11] [12] The usefulness of lymphoscintigraphy has been questioned in breast cancer in which lymphatic drainage is consistent, usually to the ipsilateral axilla, and aberrant patterns of drainage do not affect the surgical management. 13 Several patterns of lymphatic drainage, including single vs multiple channels to single vs multiple nodal basin, have been described (Figure 1) . 14, 15 Predictors of outcome in melanoma are numerous. [16] [17] [18] The American Joint Committee on Cancer staging system includes Breslow thickness, ulceration, and sentinel lymph node (SLN) status as the most important prognostic factors. 19, 20 Melanoma of the trunk is known to carry a worse prognosis than that of the extremities. 21 Many believe this is because of the possibility of lymphatic spreading to multiple channels creating more than 1 gatekeeper. Studies of signaling markers indicate that there may be a role of such growth factors, like vascular endothelial growth factor C, in the flow and delivery rate of cancer cells through lymphatic channels. 22 Clinically, it has been postulated that an increasing number of lymphatic channels might allow a greater possibility of cancer cell mobilization and spread. 23 However, there is mixed data in the literature as to the impact of multiple channel drainage. Jacobs et al 24 showed no increase in metastases associated with dual basin drainage in truncal melanoma. However, it is well established that multiple channel drainage to multiple nodal ba-sins holds a worse prognosis for patients with truncal melanoma. 25 Despite what seems to be equivalent rates of metastases to the SLN, patients with multiple channels of drainage to multiple nodal basins have a worse outcome. What remains unclear is the role of multiple channels independent of multiple nodal basins in patient outcome. We aimed to determine the impact on survival and recurrence of multiple channel drainage to a single nodal basin in melanoma.
METHODS
After attaining approval from the institutional review board at the University of California, San Francisco, we performed a retrospective review of 1198 patients who underwent selective sentinel lymphadenectomy for melanoma between 1995 and 2000. Patients with head and neck melanoma as well as patients with lymphatic channels to multiple nodal basins were excluded. A total of 502 patients were identified with extremity or truncal melanoma that drained to a single nodal basin.
Clinical and pathologic data were collected by reviewing clinic records, a tumor registry, and a death registry until October 2005. Complete pathologic data could not be recovered on all patients whose primary biopsies were performed by a referral institution, partially limiting the number of patients in the multivariate analysis of survival and recurrence. The interval to recurrence and death was calculated from the date of selective sentinel lymphadenectomy.
Lymphoscintigraphy was performed within 24 hours of the operation by intradermal injection of techetium Tc99m sulfur colloid. Injection at the primary tumor or biopsy site was followed by immediate dynamic imaging to assess lymphatic channels. Delayed static imaging was then acquired to assess radiocolloid uptake by the SLN(s). Attending radiologists interpreted the results as no channels, single channel, or multiple channels to a single nodal basin.
Operative procedures were performed by 1 of 2 surgical oncology attendings, as previously described. 26 All patients underwent wide local excision of the primary tumor based on standard guidelines. Selective sentinel lymphadenectomy was performed using dye, a technetium Tc 99m radiotracer, or a combination of the two. Complete axillary lymphadenectomy was offered to all patients with metastatic disease in the SLN(s).
Patients were divided into 3 groups based on the lymphoscintigraphic finding of no channels, a single channel, or multiple channels to a single nodal basin. Analysis of survival and recurrence was limited to the patients with a single lymphatic channel (SLC) and multiple lymphatic channels (MLCs). Patients with no lymphatic channels were excluded because of the small size of this cohort and unknown etiology of having an SLN without visible drainage on lymphoscintigraphy. Survival and recurrence curves were calculated using the Kaplan-Meier method. The log-rank test was used for univariate analysis of patients. The Cox proportional hazards regression model was used for multivariate analysis. P values Ͻ.05 were considered significant.
RESULTS
Five hundred two patients underwent lymphoscintigraphy followed by selective sentinel lymphadenectomy. Patients were divided into 3 groups based on drainage patterns of none, single channel, and multiple channels, with 10.7%, 58.8%, and 30.5% of patients in each group, respectively. Median follow-up was 5.6 years with no significant difference between the groups. Mean age and sex distribution was also similar among groups ( Table 1) .
Lymphatic drainage to multiple basins
Single lymphatic channel to a single basin
Multiple lymphatic channels to a single basin Upper extremity, lower extremity, and truncal location composed 26.5%, 31.1% and 42.4% of all primary tumor sites, respectively. Among the 3 groups, truncal melanoma was the most common melanoma in each group. The primary tumor site was similar among the 3 groups ( Table 2) . Tumor characteristics of the SLC and MLCs groups from available pathology are presented in Table 3 .
In the analysis of overall survival, MLCs were an independent risk factor for decreased survival (P = .003). The multivariate analysis revealed primary tumor thickness, SLN status, lymphovascular invasion, and MLCs status as significant risk factors for decreased survival ( Table 4 ). In the analysis of recurrence, MLCs were an independent risk factor for early recurrence (P = .04). The multivariate analysis revealed primary tumor thickness, SLN status, mitosis grade, and MLCs status as significant risk factors for early recurrence ( Table 5) . Figures 2 and 3 show the Kaplan-Meier survival curves for the 2 groups with respect to overall survival and disease-free survival. There was a significant difference between SLCs and MLCs for overall survival and a trend toward early recurrence in the MLCs group. Abbreviations: MLC, multiple lymphatic channel; SLN, sentinel lymph node. a n = 441. b n = 308. 
CONCLUSIONS
Our study reveals that MLCs are an independent risk factor for recurrence and mortality, regardless of the nodal basin drainage pattern in melanoma. By implicitly studying the lymphatic channels, we have further delineated the role of the lymphatic system in the transition from local to metastatic melanoma. The relevance of multiple channel drainage may be applicable to other tumors with a tendency to spread via lymphatics. We hope that an understanding of the clinical relevance of multiple channel drainage combined with further investigation into biological mechanisms of lymphatic spread of cancer cells may lead to new and innovative approaches in the control of metastatic disease. section, based on the observation that melanoma metastasized first to the regional lymph nodes, and early surgical removal of all of the draining lymph nodes would reduce the morbidity from local regional relapse and potentially diminish the incidence of distant metastases and improve survival.
Since Snow's early observations, multiple retrospective and 4 randomized clinical trials have failed to confirm the original hypothesis of the therapeutic value of elective lymph node dissection, yet many of these studies could not be expected to achieve a survival benefit, as almost 80% of patients with intermediate thickness melanoma will have tumor-negative dissections and therefore can't benefit from lymph node dissection.
As an alternative to elective lymph node dissection in 1990, Morton devised lymphatic mapping and sentinel lymph node dissection as a minimally invasive approach to the regional lymph nodes. This technology has revolutionized our approach to the regional lymph node and allows surgeons to identify those patients to have high-risk melanoma, ie, those with tumorpositive sentinel node and eliminates complete lymph node dissection in all other patients.
A number of histologic factors have been used to determine which patients are at risk for tumor-positive sentinel node. Tumor thickness, Clark level, ulceration, regression, lymphovascular invasion, and mitotic rate are some of the features of the primary, which are used to evaluate a patients' risk of having lymph node metastases.
Drs Wall, Leong, and co-authors from UCSF must be commended for their work as they have been at the forefront of research focusing on the mechanisms that are important in lymphangiogenesis and lymph node metastases. In this paper, the authors have focused on visual imaging of lymphatic channels. Five hundred two patients underwent lymphatic mapping and sentinel lymph node dissection. Lymphoscintigraphy films were re-evaluated to examine the number of lymphatic channels directed toward a single lymph node basin. Patients were divided into 3 groups: no visualized channels, single channel, or multiple lymphatic channels. Patients found to have multiple lymphatic channels had a worse survival than single channel or no visualized channels, suggesting the multiple lymphatic channels pattern allowed for easier passage of tumor cells from primary to more distant sites. I suspect either the innate anatomy of the patients or tumor-derived stimulation of lymphatic channels may be the cause of the multiple lymphatic channels pattern. Other factors, including tumor thickness, sentinel node status, and lymphovascular invasion were also significantly related to outcome. The mechanisms of lymphangiogenesis and transport of tumor cells through the lymphatics is not understood in humans. These results suggest another factor may be important for understanding the biology of melanoma metastases. My questions to Drs Leong and Wall are:
1. What was the technique used for lymphoscintigraphy? Did the technique vary based on location of the primaries (extremity vs trunk), age of the patients, method of biopsy of the primary (shave biopsy vs excisional biopsy), or time from initial injection of the radiopharmaceutical to imaging? Were all the lymphoscintograms reviewed by the same radiologists?
2. A variety of factors appeared to relate to multiple lymphatic channels status. Older patients, ulcerated and thick (Ͼ4 mm) primaries, along with those having regression and lymphovascular invasion tended to have a higher rate of multiple lymphatic channels. Do you have any explanation? Should we expect patients with higher "risk" primaries to have multiple lymphatic channels? Is multiple lymphatic channels a surrogate marker of aggressive tumor biology?
3. Was the rate of sentinel node and nonsentinel node metastases higher for patients with multiple lymphatic channels vs single channel vs no visualized channels? Would you expect patients to have higher rates of intransit metastases with the multiple lymphatic channels pattern?
4. Why did you exclude patients with head and neck primaries and those with multiple lymph node basins identified by lymphoscintigraphy? Would you expect patients with multiple lymphatic channels and multiple basins (as compared to no lymphatic channels visualized and 1 basin) have the worse outcome of patients undergoing sentinel node biopsy?
5. Do you have any thoughts as to the mechanism of multiple lymphatic channels? Is it related to VEGF-C [vascular endothelial growth factor C] expression at the primary? Dr Leong: Thank you, Dr Goodnight, for being the moderator of this session on surgical oncology. Thank you, Dr Essner, for reviewing our manuscript. I appreciate your comments. I agree with you that your group including Dr Morton, you, and other colleagues have revolutionized the biology of solid cancer to bring us to a new level with the development of sentinel lymph node concept. With the dawning of the sentinel lymph node era, the approach to solid cancer has changed. Globally, there are probably 3 major hypotheses to explain cancer metastasis, initially proposed by Dr William Halsted with the primary cancer spreading first to the regional lymph node before metastasizing to the distant sites. Based on an extensive breast cancer database, a systemic hypothesis was developed by Dr Bernard Fischer with systemic dissemination at the inception of cancer growth in the primary site. Subsequently, the data show that neither of the 2 hypotheses fitted perfectly well, so Dr Samuel Hellman from Harvard postulated a spectrum hypothesis, in which metastasis is a progressive process with early cancer spreading to regional lymph nodes first and cancer disseminates as progression takes place.
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The sentinel lymph node concept and the clinical outcome with respect to sentinel lymph node status and survival 28 fit nicely with the spectrum hypothesis. It has been found that 98% of early breast patient may be cured of their disease without recurrence.
29, 30 We know that melanoma, if intervened in its early stage, can be potentially cured. And yet, at a certain point, it would spread to the sentinel lymph nodes. Within the period of progression in the sentinel lymph nodes, vascular invasion might ensue, resulting in stage IV disease, for which surgical resection is quite limited. Thus, there is a paradigm shift to resect cancer as early as possible.
In today's presentations, the melanoma, breast cancer, colon cancer, and pancreatic cancer data all have a thematic point that the lymph node is a critical station for cancer spread. When the lymph node is involved, it indicates that the tumor burden has increased to a significant level for further systemic metastasis being consistent with the spectrum hypothesis. Now, to specifically answer Dr Essner's question. In terms of the technique, it is very well standardized. Basically, we inject intradermal technetium sulfur colloid for dynamic imaging.
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With the dynamic flow, which means that you have to watch the channels right after injection, we will be able to appreciate single and multiple channels much better. Still, in certain situations, it would be nice to have a 3-D dynamic rotation of the patient, which we don't; particularly in the groin area it could be very helpful. The technique was the same for different locations of the primary melanoma. Although more than 1 nuclear medicine physician was involved with the lymphoscintigraphic reading, they agreed uniformly with the definition of single and multiple lymphatic channels.
With respect to other melanoma high risk factors, multivariate analysis showed that multiple lymphatic channels were an independent high risk factor with respect to disease-free and overall survival. However, the rate of sentinel lymph node positivity is similar in the single and in the multiple channel group. Our 
